I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The hyperglycemic condition in diabetics makes them prone to developing some complications, which contribute to the morbidity. The susceptibility of diabetics to complications is driven by both modifiable and nonmodifiable risk factors. Currently, there is heightened interest in a cluster of some risk factors called metabolic syndrome (MetS) that predicts cardiovascular disease and type 2 diabetes mellitus.\[[@ref1]\] It comprises the following major characteristics: Hypertriglyceridemia, low levels of high-density lipoprotein-cholesterol (HDL-C), central obesity (abdominal) obesity, hypertension and concomitant insulin resistance/glucose intolerance (hyperinsulinemia).\[[@ref2]\] It is associated with a three to five fold increased risk for the development of type 2 diabetes mellitus\[[@ref3]\] which has now reached high proportions in many countries.\[[@ref4]\] The worldwide prevalence of MetS is between 7.9% and 43% in males and 7% and 56% in females.\[[@ref5]\] The prevalence of diabetes mellitus worldwide in the adult population is assumed to be 4%.\[[@ref6]\] In urban Ghana, according to the Guidelines of the National Cholesterol Education Program/Adult Treatment Panel (NCEP/ATP III), the prevalence of the MetS is between 23 and 38%,\[[@ref7]\] whereas type 2 diabetes mellitus affects at least 6% of the adult population in urban Ghana.\[[@ref6]\] In 2008, the prevalence of MetS in type 2 diabetes patients at the Komfo Anokye Teaching Hospital was found to be 55.9%.\[[@ref8]\] The syndrome may progress to type 2 diabetes,\[[@ref9]\] a condition that is also becoming increasingly common.

The MetS is known to be caused by insulin resistance or insulin resistance-linked obesity, a condition whereby the body\'s cells are incapable of taking up glucose from the blood. Insulin resistance-linked obesity is caused by poor dieting and lack of regular exercise. Other genetic or lifestyle risk factors/predictor variables equally lead to the metabolic MetS. They are increasing age (greater than 40 years), smoking of cigarette, alcohol intake, overweight, sedentary life-style and family history of type 2 diabetes.\[[@ref9]\]

Over the years, there has been increasing deaths from type 2 diabetes mellitus. Locally, however, there is little information on its causes, due to few published data on the prevalence of MetS and its association with type 2 diabetes mellitus. This study aims at identifying the most critical risk factors leading to MetS which predispose these populations to prediabetes and type 2 diabetes mellitus, as well as the impact of MetS on the progression of diabetes.

M[ATERIALS]{.smallcaps} [AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
===============================================================

Subjects {#sec2-1}
--------

This study was conducted between February and April, 2013. One hundred and fifty (150) participants of the Diabetic Centre of the Komfo Anokye Teaching Hospital (50 males and 100 females) were involved. The study participants were of ages between 20 and 86 years. Participants fasted overnight before blood sampling. Excluded from the study were type 1 diabetics and pregnant women. The participants who were all indigenes of Ghana consented to take part in the study after a thorough explanation of the aim of the study. This study was approved by the Committee on Human Research, Publication and Ethics at the School of Medical Sciences of the Kwame Nkrumah University of Science and Technology and Komfo Anokye Teaching Hospital, Kumasi.

B[LOOD]{.smallcaps} S[AMPLE]{.smallcaps} C[OLLECTION]{.smallcaps} [AND]{.smallcaps} P[ROCESSING]{.smallcaps} {#sec1-3}
============================================================================================================

About 5 ml venous blood samples were collected after an overnight fast; 4 ml was dispensed into vacutainer^®^ plain tubes and 1 ml into fluoride-oxalate tubes. After centrifugation at 500 g for 15 min, the serum and plasma were stored at −80°C until assayed. Parameters that were determined included; fasting blood glucose (FBG), triglycerides (TG) and HDL-C. The protocol for the determination of the parameters was as indicated in the manufacturer\'s instructions (Fortress Diagnostics Limited, Unit 2C Antrim Technology Park, Antrim BT41 1QS, United Kingdom).

Anthropometric variables {#sec2-2}
------------------------

Using a questionnaire and patients medical records, information on demographic and clinical characteristics, such as age, sex, age of onset of diabetes, family history of diabetes were extracted. Blood pressure was measured using a sphygmomanometer. Blood pressure was recorded in the sitting position in the right arm. Two readings were taken 5 min apart, and the mean of the two was taken as blood pressure. Height was measured to the nearest 0.1 cm without shoes, using a stadiometer and weight to the nearest 0.1 kg in light clothing, using a bathroom scale (Zhongshan Camry Electronic Co. Ltd, Guangdong, China). Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m^2^). Waist circumference was measured to the nearest 0.1 cm, using a Gulick II spring-loaded measuring tape midway between the inferior angle of the ribs and the suprailiac crest.

M[ETABOLIC]{.smallcaps} S[YNDROME]{.smallcaps} D[EFINITION]{.smallcaps} {#sec1-4}
=======================================================================

Metabolic syndrome was defined according to the criteria of the NCEP/ATP III to include individuals with any three or more of the following five components:\[[@ref1]\] Abdominal obesity (waist circumference \>102 cm for men or \>88 cm for women); (2) high TG ≥ 1.7 mmol/L (150 mg/dl); (3) low HDL-C: Men \< 0.9 mmol/L (\<40 mg/dl) or women \<1.0 mmol/L (\<50 mg/dl); (4) high blood pressure (systolic BP ≥ 130 mm Hg or diastolic BP ≥ 85 mm Hg or treatment of hypertension) and high FBG ≥ 6.1 mmol/L.\[[@ref10]\]

Statistical analysis {#sec2-3}
--------------------

The results are expressed as means ± standard error of mean (SEM), using GraphPad Prism 5.01 for windows (GraphPad Software, San Diego California USA, [www.graphpad.com](www.graphpad.com)). Student\'s *t*-test was used to ascertain the significance of the difference between two means of continuous variables and ANOVA for difference in mean values of grouped data. A level of *P* \< 0.05 was considered as statistically significant. Using STATA (version 16.0, Inc., Chicago, IL) statistical software, multiple logistic regression was performed to estimate the relationship between MetS and some risk factors, in order to find the most significant observed predictor of MetS by estimating the odds ratio (OR) of the predictors (i.e. the measure of association between a predictor and an outcome, which in this case is MetS). The coefficients or ORs, give an estimate of the magnitude of each predictor. Without adjusting for these predictors, the ORs were calculated at 95% confidence interval. Next, the adjusted ORs were calculated, using the variables that showed statistical significance, with *P* \< 0.05.

R[ESULTS]{.smallcaps} {#sec1-5}
=====================

General characteristics of the population {#sec2-4}
-----------------------------------------

The study population comprised 150 type 2 diabetes mellitus patients, made up of 50 males (33.3%) and 100 females (66.67%). The overall mean age of the population was 51.31 (SEM = 0.97) years, whereas the ages of the males and females were 52.86 (SEM = 1.56) and 50.54 (SEM = 1.22), respectively \[[Table 1](#T1){ref-type="table"}\]. The overall mean value of BMI was 26.43 kg/m^2^, and the mean BMI of females was significantly higher (*P* \< 0.0244) than that of males \[[Table 1](#T1){ref-type="table"}\]. Though the waist circumference of females was higher, there was no statistical significance. None of the subjects were smokers or had ever smoked. On the whole, 46.7% of the subjects said they exercised, 56% being males and 42% being females while 12.7% of the subjects were still taking fast foods. With respect to the biochemical parameters, none showed statistical significance between the males and females.

###### 

General characteristics of the studied population
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Prevalence of metabolic syndrome and its individual components {#sec2-5}
--------------------------------------------------------------

The overall percentage prevalence of MetS was 58% \[[Table 2](#T2){ref-type="table"}\]. Males had a lower percentage prevalence of 22.99%, compared to a higher percentage prevalence of 77.01% for the females. For the overall population, hypertension was the commonest component (60%) of the MetS, followed by high waist circumference, or central obesity. In females, central obesity was the most common component (87.67%), followed by lowered HDL (77.42%). In males, hypertension was the most common component (31.11%), followed by hypertriglyceridemia (24.49%). Central obesity and low HDL were the only components that showed statistically significant difference between males and females.

###### 

Prevalence of the individual components of MetS
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Risk factors and their extent of influence or association with metabolic syndrome {#sec2-6}
---------------------------------------------------------------------------------

Individuals having three or more of the risk factors were reckoned as having the MetS. With respect to age, individuals within the age group of 50-59 had the highest prevalence of the MetS (39.08%), whereas individuals of age 70 years and above, had the lowest prevalence (4.60%) \[[Table 3](#T3){ref-type="table"}\]. The prevalence of MetS in the females was about 3 times higher (77.01%), compared to males. Obese people had more of the metabolic components (40.23%), compared to normal weight individuals (21.84%). Based on the level of education, majority of the junior high school or form four leavers had the highest prevalence of the MetS (56.32%). Factors like sex, BMI and educational status caused statistically significant differences, unlike the other independent variables.

###### 

A comparative analysis of the influence of the risk factors on MetS
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Predictive effects of risk factors and their contribution to increased chances of acquiring metabolic syndrome using the National Cholesterol Education Program/Adult Treatment Panel III Criteria {#sec2-7}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The predictive effects of the risk factors (ie those that proved to be statistically significant in [Table 3](#T3){ref-type="table"} and their contribution to an individual\'s increased chances or likelihood of meeting the criteria as defined by the NCEP/ATP III definition are shown in [Table 4](#T4){ref-type="table"}.

###### 

Extent of influence of selected risk factors on MetS (multiple logistic regression)

![](IJABMR-5-133-g004)

With respect to sex, the likelihood for females to develop MetS was 3 times (3.05 \[1.51-6.15\]) that for males. Obesity increased one\'s probability of having MetS, as obese individuals were almost 6 times \[5.83 (1.14--29.89)\] more likely to develop the MetS, as compared with underweight and normal weight individuals. Being a primary school leaver increased the odds of one having the MetS, as it showed one to be 5 times \[5.32 (0.94--29.99)\] more likely to having the MetS, as compared to the uneducated class.

D[ISCUSSION]{.smallcaps} {#sec1-6}
========================

Metabolic syndrome has been on the rise, contributing to the increasing prevalence of noncommunicable disorders such as cardiovascular diseases and type 2 diabetes mellitus. Despite the increasing prevalence, few studies have been done on the condition in Ghana, in the West African sub-region. Felix-Val *et al.*\[[@ref8]\] undertook a study in the Diabetes Centre, and our study is a follow-up of that study. The NCEP/ATP III criteria was chosen to assess MetS prevalence because the indicators used are easily and readily measureable.

In contrast to the study of Felix-Val *et al.*,\[[@ref8]\] the present study, apart from assessing the prevalence of MetS in type 2 diabetic patients, also used logistic regression analysis to determine the most critical risk factors that need to be monitored in order to control, prevent and treat diabetes. The main finding of this study was a high prevalence (58%) of MetS in type 2 diabetics.

Females showed higher prevalence of MetS (77.01%) as they had more of the risk factors contributing to MetS, compared to males (22.99%), which was consistent with a previous study by Felix-Val *et al.*\[[@ref8]\] and Ford *et al.*\[[@ref11]\] From the logistic regression analysis, females were 3 times more likely to have MetS than males \[[Table 4](#T4){ref-type="table"}\]. The reason may be due to a relatively sedentary lifestyle of women in this part of the world as most of them are traders or unemployed or it could be due to genetic factors.

There was a high prevalence of obesity, contributing to 40.23% of the entire diabetes study population. Obese persons were 5 times more likely to have MetS, compared to normal weight persons \[[Table 4](#T4){ref-type="table"}\]. Obesity worsens insulin resistance which then leads to increased hepatic production of very low density lipoprotein and the consequent release of high levels of TG in the bloodstream.

Persons with impaired glucose tolerance and type 2 diabetes, have hypertriglyceridemia as well as increased HDL catabolism, leading to lowered HDL levels.\[[@ref12]\] A number of potential mechanisms could explain the inverse relationship between the hypertriglyceridemia of insulin resistant states and increased HDL catabolism, leading to low plasma HDL concentrations. One possibility is a reduction in lipoprotein lipase (LPL) activity, which would have the effect of impairing the maturation of HDL particles. The normal insulin-mediated stimulation of LPL activity has been shown to be blunted in insulin resistance.\[[@ref13]\] In type 2 diabetes, particularly when glycemic control is poor and in patients who are relatively insulin deficient, LPL activity is reduced.\[[@ref14]\] Thus, obesity is a major risk factor that really needs to be controlled in order to prevent type 2 diabetes mellitus or to stop or slow down the development of some complications.

There was a significantly higher prevalence of MetS amongst the diabetics with low educational status \[[Table 4](#T4){ref-type="table"}\], a finding similar to a study by Moebus *et al.* in 2007.\[[@ref15]\] Diabetics with primary school education (14.94%) and those who were junior high school or form four leavers (56.32%) had higher prevalence, compared to senior high school (3.45%) diabetics with tertiary level education (12.64%). This could be due to their ignorance of good dietary habits, like eating too much saturated fatty foods, high carbohydrate diet, as well as irregular exercising and physical inactivity. In this study population, fast foods (12.79%) and soft drinks (1.92%) did not contribute significantly to the acquisition of MetS as most of the diabetics avoided them prior to developing the disease and also during their diseased state.

Family history has been reported to contribute to the speeding up of the acquisition of MetS.\[[@ref16]\] In this study, 79.31% of the respondents who had a family history of diabetes, had three or more components of the MetS.

In the present study, hypertension was found to be the commonest component in the entire type 2 diabetes study population, followed by central obesity and lowered HDL-C. In the males, the most prevalent component was hypertension, followed by hypertriglyceridemia and then lowered HDL \[[Table 2](#T2){ref-type="table"}\]. This result is in fair agreement with Felix-Val *et al.* in 2008,\[[@ref8]\] who, using the NCEP/ATP III, found hypertension to be the commonest in males, followed by hypertriglyceridemia. Most of the men (76%) were involved in heavy alcohol drinking prior to being diagnosed of diabetes \[[Table 1](#T1){ref-type="table"}\] and alcohol is known to induce hypertension.\[[@ref17]\] Hypertensive diabetic patients have a greater risk of micro and macrovascular complications than normotensive patients.

In the females, the commonest component was central obesity, followed by lowered HDL, elevated triglyceride and hypertension \[[Table 2](#T2){ref-type="table"}\]. This could be due to less frequent participation of women in physical exercise, their sedentary lifestyle, probably attributable to their trading activity and regular intake of starchy foods, refined carbohydrates and late night eating. Moreover, it was found out that central obesity and lowered HDL-C prevalence were markedly higher in females than in males. It is well documented that lowered HDL-C levels are associated with an increased risk of coronary heart diseases or cardiovascular diseases.\[[@ref18]\]

From [Table 3](#T3){ref-type="table"}, 27 (31.03%) of the 40--49 age group and 34 (39.08%) of the 50--59 age group had three or more components of the MetS. This indicates that between the ages of 40 and 59, more people are likely to have a high prevalence of the MetS components, irrespective of sex. Thus, serious preventive and control measures should be taken as one nears these age groups since the prevalence of MetS increases with age.\[[@ref19]\] Individuals should be advised to exercise more, watch their diet by eating food containing little amounts of saturated fats and cholesterol, and foods containing refined sugars and rather take in more fiber-rich foods. High fiber diets have been shown to have good glycemic index, having the potential to lower fasting plasma glucose, total cholesterol and triglyceride, plasma concentrations. They simply decrease gastrointestinal absorption of cholesterol and carbohydrates.\[[@ref20]\]

On the whole, there was a high prevalence of MetS among the type 2 diabetics studied, similar to the study of Felix-Val *et al.*\[[@ref8]\] Through logistic regression analysis, our study has shown that three factors; sex, obesity and primary education have odd ratios of 3.05, 5.83 and 5.32, respectively in the causation of MetS. The respective adjusted odd ratios were 3.04, 8.40 and 8.09. BMI and low educational status are two modifiable factors. Knowing the commonest component (s) or risk factor (s) will give a guide to prevention and treatment of type 2 diabetes mellitus.

C[ONCLUSION]{.smallcaps} {#sec1-7}
========================

This study has shown an increased prevalence of MetS (58%), and through logistic regression analysis, has delineated the key risk factors driving morbidity. Most of the individual risk factors were more prevalent in women, compared to men; women were 3 times more likely to have MetS. The most prevalent component was hypertension, followed by central obesity, low HDL-C and hypertriglyceridemia. Low educational status and obesity also have great predictive effects on MetS in the type 2 diabetics.

L[IMITATIONS]{.smallcaps} [AND]{.smallcaps} S[TRENGTHS]{.smallcaps} [OF]{.smallcaps} S[TUDY]{.smallcaps} {#sec1-8}
========================================================================================================

The small sample size, makes it less representative of the general diabetic population of the country. The cross-sectional nature would not allow the cause-effect relationship to be established, making generalization of the findings difficult. Being a hospital-based study also introduces some bias factor.

The strengths of the study are the assessment of multiple parameters in one study, and the use of multiple logistic regression analyses to identify risk factors towards MetS in type 2 diabetics, and the quantification of the contributions due to the selected risk factors.
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